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ABSTRACT 
 
A turbine jet engine comprises of four main parts, which are a compressor, a 
combustion chamber, a turbine and an exhaust nozzle. Turbine jet engine operates at an 
open cycle called a jet propulsion cycle. A small-scale turbine jet engine comprises of 
the same element as the gas-turbine engine but in a smaller scale. Both engines differ in 
utilization and purpose of its production. Turbine jet engines were constructed mainly 
for air transportation while the small-scale turbine jet engines are developed for a wider 
purpose, ranging for research activity to hobbyist enthusiastic. Hence, this thesis 
encompasses the design, fabrication, and testing a small-scale turbine jet engine. The 
engine was derived from an automobile turbocharger, which provided the turbine and 
compressor component. A combustion chamber was design and fabricated. Engine 
support system comprised of ignition, lubrication and fuel delivery system were 
installed at the engine. The engine assembly was mounted in a test setup. 
Thermocouples were installed at three different stations on the engine flow path to 
measure the temperature. Fuel regulators were utilized to measure the fuel flow. The 
engine was started using a specific procedure until it self-sustained. During testing, the 
engine was only able to self-sustain approximated for 10 seconds at 41.26 10  kg/s fuel 
mass flow rate. Troubleshooting and analysis regarding the failure of the engine was 
done. Analysis shows that there are four possible factors involves, namely, the uses of 
LPG fuel, large pressure drop at the exit of combustion chamber, low pressure pump 
and leaking at the turbocharger. Four recommendations were made for further studies, 
which are, utilize a brand-new turbocharger for the engine, use a pure propane gas as a 
source of fuel, avoid uses of pipe flange at the combustion chamber and utilize a higher 
pressure pump for lubrication system. Further modification was not made due to time 
and cost limitation.         
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ABSTRAK 
 
Enjin jet turbin terdiri daripada empat bahagian utama, iaitu pemampat, kebuk 
pembakaran, turbin dan nozel ekzos. Enjin turbin jet beroperasi pada kitaran terbuka 
dipanggil kitaran pendorongan jet. Enjin jet turbin kecil terdiri daripada elemen yang 
sama seperti enjin jet turbin tetapi pada skala yang lebih kecil. Kedua-dua engine 
berbeza dari segi penggunaan dan tujuan pengeluaran. Enjin jet turbin telah dibina 
terutamanya untuk pengangkutan udara manakala enjin turbin jet turbin kecil telah 
dibina untuk tujuan yang lebih luas, dari aktiviti penyelidikan ke penggemar antusias. 
Oleh itu, tesis ini merangkumi reka bentuk, fabrikasi, dan pengujian enjin jet turbin 
kecil. Enjin dibina dari turbocharger kereta, yang menyediakan komponen turbin dan 
pemampat. Kebuk pembakaran direka bentuk dan difabrikasi. Sistem enjin sokongan 
yang terdiri daripada sistem penyampaian pencucuhan, pelinciran dan bahan api telah 
dipasang pada engine. Pengganding suhu telah dipasang di tiga stesen laluan aliran enjin 
untuk mengukur suhu. Pengatur bahan api untuk mengukur kadar aliran bahan api juga 
telah dipasang dalam persediaan ujian. Enjin dihidupkan degan menggunakan prosedur 
yang tertentu sehingga ia beroperasi sendiri. Semasa ujian, enjin hanya dapat beroperasi 
sendiri selama 10 saat pada 41.26 10  kg/s kadar aliran jisim api. Penyelesaian masalah 
dan analisis berkaitan kegagalan enjin telah dilakukan. Analisis menunjukkan bahawa 
terdapat empat faktor yang terlibat, iaitu, penggunaan bahan api LPG, kejatuhan tekanan 
yang besar pada kebuk pembakaran, tekanan pam yang rendah dan turbocharger bocor. 
Empat cadangan telah dibuat untuk pengajian seterusnya iaitu, menggunakan 
turbocharger baru untuk enjin, menggunakan gas propana tulen sebagai sumber bahan 
api, mengelakkan penggunaan paip bebibir di kebuk pembakaran dan menggunakan 
pam tekanan yang lebih tinggi untuk sistem pelinciran. Pengubahsuaian selanjutnya 
tidak dibuat kerana limitasi masa dan kos. 
 
 
 
 
 
 
 
 
 
 
 
 
viii 
 
TABLE OF CONTENTS 
 
 Page 
SUPERVISOR DECLARATION ii 
STUDENT’S DECLARATION iii 
DEDICATION iv 
ACKOWLEGEMENTS v 
ABSTRACT vi 
ABSTRAK vii 
TABLE OF CONTENT viii 
LIST OF TABLE xi 
LIST OF FIGURES xii 
LIST OF SYMBOLS xv 
LIST OF ABBREVIATIONS xvii 
 
CHAPTER 1 INTRODUCTION 
 
 
1.1 Project Background 1 
1.2 Objective 2 
1.3 Problem Statement 2 
1.4 Scope of Study   3 
1.5 Limitation 
 
3 
CHAPTER 2 LITERATURE REVIEW 
 
 
2.1 Introduction 4 
2.2 Background 4 
2.3 Jet Engine Types  5 
 2.3.1    Turbojet 6 
 2.3.2    Turbofan 6 
 2.3.3    Turboprop 7 
2.4 Principles of Jet Propulsion Engine 8 
 2.4.1    Basic Operations 8 
 2.4.2    Ideal Jet Propulsion Cycle 9 
ix 
 
 2.4.3    Thrust Development 12 
2.5 The Small Scale Turbine Jet Engine 12 
2.6 Design Consideration of Small Scale  Turbine Jet Engine 13 
 2.6.1    Thermodynamic Cycle Analysis 14 
 2.6.2    Automotive Turbocharger 14 
2.7 Combustion Chamber Design Characteristic 15 
 2.7.1    Principle Features 16 
 2.7.2    Stoichiometric Ratio 18 
 2.7.3    The Bragg Criterion 18 
 2.7.4    Air Partioning 20 
 2.7.5    Dome and Liner 22 
 2.7.6    Primary Zone 22 
 2.7.7    Secondary Zone 24 
 2.7.8    Dilution Zone 
 
26 
CHAPTER 3  METHODOLOGY 
 
 
3.1 Introduction 28 
3.2 Project Flow Chart 28 
3.3 Preliminary Layout 30 
3.4 Turbocharger Selection 31 
3.5 Thermodynamic Parameter Analysis 32 
 3.5.1 Detail Calculation of Thermodynamic Parameter  33 
             Analysis  
3.6 Combustion Chamber Design  36 
 3.6.1 Air Partioning 36 
 3.6.2 Dome And Liner 38 
 3.6.3 Primary Zone 39 
 3.6.4 Secondary Zone 39 
 3.6.5 Dilution Zone 41 
3.7 Exhaust Nozzle Design  43 
3.8 Material and Component Selection 44 
3.9 Fabrication 44 
3.10 Engine Support System 46 
 3.10.1 Lubrication System 46 
 3.10.2 Fuel Delivery System 47 
 3.10.3 Ignition System 48 
3.11 Experimental Test Bench 49 
x 
 
 3.11.1 Test Rig 49 
 3.11.2 Instrumentation 49 
 3.11.3 Engine Starting Procedure 
 
50 
CHAPTER 4 RESULTS AND DISCUSSION 
 
 
4.1 Introduction 51 
4.2 COSMOFLOW Analysis 51 
4.3 Experimental Testing 53 
4.4 Engine Failure Analysis  60 
 4.4.1 Leaking at the Turbocharger 60 
 4.4.2 Low Lubricant Pressure Pump  61 
 4.4.3 LPG (Propane and Butane Mixture) Not Suitable 
To be Used as Fuel 
62 
 4.4.4 Large Pressure Drop  
 
62 
CHAPTER 5 CONCLUSIONS AND RECOMENDATION 
 
 
5.1 Conclusions 64 
5.2 Recommendations 
 
65 
REFERENCES 66 
APPENDICES 68 
A List  of Component and Material Required  68 
B  Jet Engine Troubleshooting Summary  70 
C1 Drawing of Inlet Diffuser 71 
C2 Drawing of Inner Liner 72 
C3 Drawing of Liner Holder 73 
C4 Drawing of Outer Liner 74 
C5 Drawing of Completed Assembled Combustion Chamber 75 
D1 Drawings of Nozzle 76 
D2 Exhaust Liner 77 
D3 Drawings of Assembled Exhaust Nozzle 78 
E Citrex Certificate of Award 79 
 
xi 
 
LIST OF TABLES 
 
Table No.                                               Title Page 
   
2.1 Characteristic of manufactured model jet engines 13 
   
3.1 Characteristic of turbocharger used 32 
   
3.2 Relevance calculated parameter at different stations 35 
   
4.1 Comparison between LPG, propane and butane 62 
   
6.1 List of components and material required for the development of 
the small scale turbine jet engine 
69 
   
6.2 Summary of the jet engine troubleshooting 71 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
xii 
 
LIST OF FIGURES 
 
Figure No.                                             Title Page 
   
2.1 Comparison between Lorin‟s and Whittle engine  5 
   
2.2 Schematic illustration of turbojet engine 6 
   
2.3 Schematic illustration of turbofan engine 7 
   
2.4 Schematic illustration of turboprop engine 8 
   
2.5 Schematic diagram of jet-propulsion cycle 9 
   
2.6 The ideal jet propulsive cycle 11 
   
2.7 Exhaust gas and airflow of a typical turbocharger system 15 
   
2.8 General principle of a combustion chamber 17 
   
2.9 An idealized Bragg combustion chamber with a primary and 
secondary zone 
19 
   
2.10 Layout distribution of the primary air swirler 24 
   
2.11 Layout distribution of the combustion chamber 25 
   
3.1 The Methodology flow chart 29 
   
3.2 Overall design of the jet engine 31 
   
3.3 The second hand turbocharger used 32 
   
3.4 Summary of calculated and assumed parameter at different station 
in the combustion chamber 
36 
   
3.5 Dimension of the combustion chamber 42 
   
3.6 Isometric view of combustion chamber  43 
   
3.7 Sectional view of combustion chamber  43 
   
3.8 Isometric view of exhaust nozzle design  44 
   
3.9 Fabricated outer liner 45 
   
3.10 Side view of fabricated inlet diffuser   45 
   
xiii 
 
3.11 Side view of fabricated inner liner   46 
   
3.12 Fabricated inner liner with spark plug and holder attached 46 
   
3.13 Oil reservoir 47 
   
3.14 Water pump 47 
   
3.15 Fuel used 48 
   
3.16 Major components of ignition system 49 
   
3.17 Jet engine mounted on a test rig 49 
   
3.18 Thermocouple attached at different stations. 50 
   
4.1 Velocity contour plot within the combustion chamber 52 
   
4.2 Velocity flow path of the combustion chamber 52 
   
4.3 Method of ignition by lighter at the exhaust 54 
   
4.4 Unburned fuel burning at the exhaust 54 
   
4.5 Flame coming out from the combustion chamber 55 
   
4.6 Flame contained inside the combustion chamber 56 
   
4.7 Turbine blade glowing red 56 
   
4.8 Graph of temperature distribution of the jet engine at 3 different 
stations during testing period 
57 
   
4.9 Graph of temperature mass flow rate at station 3.2 58 
   
4.10 Graph of temperature mass flow rate at station 3.9 58 
   
4.11 Graph of temperature versus fuel mass flow rate at station 6 59 
   
4.12 Graph of temperature mass flow rate at all three stations 59 
   
4.13 Lubricant oil leaks at the turbine blades 61 
   
4.14 White smoke appear at the turbine housing during testing 61 
   
4.15 90 degree pipe flange attached to the exit of the combustion 
chamber 
63 
   
4.16 The Whittle combustion chamber 63 
xiv 
 
6.1 Two-dimentional drawing of inlet diffuser 71 
   
6.2 Two-dimentional drawing of inner liner 72 
   
6.3 Two-dimentional drawing of liner holder 73 
   
6.4 Two-dimentional drawing of outer liner  74 
   
6.5 Two-dimentional drawing of completed assembled combustion 
chamber 
75 
   
6.6 Two-dimentional drawings of nozzle 76 
   
6.7 Two-dimentional drawings of exhaust liner 77 
   
6.8 Two-dimentional drawings of assembled exhaust nozzle 78 
   
6.9 CITREX certificate of award  79 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
xv 
 
LIST OF SYMBOLS 
 
DC  Discharge coefficient 
  
pc  Specific heat at constant pressure 
  
F  Force 
  
stf  Stoichiometric  
  
H  Height 
  
h  Enthalpy 
  
L  Length 
  
P  Pressure 
  
q  Heat transfer per unit mass 
  
r Radius 
  
'S  Swirl number of primary air swirler 
  
T Temperature 
  
U Velocity component in direction of flow 
  
V  Velocity 
  
w  Work per unit mass 
  
  Bypass ratio 
  
  Finite change 
  
  Combustion reaction progress variable 
  
  Angle 
  
  Temperature ratio 
  
  Equivalent ratio 
  
A Annulus  
  
c Cooling  
xvi 
 
DZ Dilution Zone 
  
f Fuel-to-air mass flow ratio 
  
g Gas 
  
in Inlet  
  
MB Main burner 
  
max Maximum 
  
opt Optimum 
  
out Outlet  
  
PZ Primary Zone 
  
SZ Secondary Zone 
  
t Total  
  
1 -  4 Station location 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
xvii 
 
LIST OF ABBREVIATIONS 
 
CFD  Computational fluids dynamics 
  
CITREX Creation, innovation, technology and research exposition 
  
COSMOFLOW SolidWorks flow simulation 
  
LPG Liquefied petroleum gas 
  
WWII World war 2 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 PROJECT BRACKGROUND  
 
 A turbine jet engine is widely used in commercial aircraft and jet fighters. It 
comprises of four main parts, which are a compressor, a combustion chamber, a turbine 
and a nozzle. The compressor increases the pressure and temperature of air before 
entering the combustion chamber. The high pressure and high-temperature air then 
entered the combustion chamber where it is mixed with fuel and ignited, in a constant 
pressure process. The combustion gasses afterward flows through a turbine which 
connected to a compressor by a common shaft. The turbine extracts energy from the 
gasses resulting in a reduction of pressure and temperature of the gas. The remaining 
gasses, flows through a nozzle where it is accelerated to produce thrust. These processes 
of compression, combustion, extraction and exhaustion are continuous and self-
sustaining.  
 
 Small scale turbine jet engine comprises of the same element as the commercial 
gas-turbine engine but in a smaller scale. Vast majorities of these jet engines are 
developed by amateurs and are design around an existing automotive turbocharger, 
since it consists of two components of a jet engine, a compressor and a turbine. The 
combustion chamber and an exhaust nozzle is then the only component to be 
constructed.   
 
 Hence, this project is subjected to the concept of developing a small-scale 
turbine jet engine. The engines are developing using an existing turbocharger. The 
design of combustion chamber and exhaust nozzle, and also construction of the engine 
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support system will be explained. The instrument to monitor the engine performances is 
discussed. The testing procedure and the acquired data from experimental testing are 
discussed. 
 
1.2 OBJECTIVE 
  
 The objective of this project is to design, fabricate and testing a small-scale 
turbine jet engine. 
 
1.3 PROBLEM STATEMENT 
 
 The jet engine has made its name since the 60‟s and was developed by infamous 
aircraft industry with high expertise personnel and state of the art machinery. The 
concepts in designing the jet engines available today are subjected to large size. Hence, 
to design, nonetheless, to construct the jet engine in small scale is a challenge. Much 
method has been introduced in the designing of a small-scale turbine jet engine by 
amateur and even professional builder. However, none of them proposes a suitable 
engineering knowledge as an accurate guide.  
 
 The engine is design by proper calculation design to fulfill specific criteria. 
Simulation using CFD software is used based on parameters calculated from ideal 
condition. Once the results of the simulation satisfy the desired expectation, fabrication 
process took place.  
 
 Concern regarding fabrication of the engine is extensive. The hitch is not the 
construction but rather the material required for the engine. The availability of the 
suitable materials is limited. Since the engine as many other power devices are tied to a 
certain range, which would be failed if breached. Thus, the selection of proper material 
which can perform under these extend are a challenge. Still, the material is properly 
selected through extensive consideration of each parameter involved. 
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 The fabricated components are installed to the turbocharger and certain set of a 
support system is introduced. The complete engine is test run, and its performance is 
measured. 
 
1.4 SCOPE OF STUDY 
 
 The scope of this project is based on the following: 
 
1. To design a combustion chamber. 
2. To evaluate the design using COSMOFLOW simulation. 
3. To fabricate the combustion chamber. 
4. To use LPG as fuel.  
5. To test run the turbine jet engine and measure its performances in terms of thrust 
produced, fuel flow rate and combustion and exhaust temperature. 
 
1.5 LIMITATION 
 
 The limitations to carry out this project are as follows: 
 
1. The availability of material. 
2. The availabilities of components cost limitation. 
3. Time limitation 
 
 
 
 
 
 
 
 
  
 
 
CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
2.1 INTRODUCTION 
  
 This chapter presents the general concepts of turbine jet engine and its 
adaptation towards a small-scale jet engine. The jet engine operating cycle is explained 
and theory regarding the design of combustion chamber is described. 
  
2.2 BACKGROUND 
 
 The idea of utilizing the principle of reaction in aircraft was started since early 
17
th
 century and has been dominated by reciprocating engine. Not until the Second 
World War, the jet-engine technology has been developed to replace the unsuitability of 
the piston engine to produce high velocity of airflow necessary to carry a propulsive 
task. In 1913, Rene Lorin patterned the first jet engine. However, it is impossible to 
manufacture because the suitable heat resisting material was not yet available. 
 
 During the WWII, Sir Frank Whittle (Smith, 1995) made a major breakthrough 
in the jet propulsive technology. He patterns a gas-turbine engine that produces 
propulsive power, which is called the Whittle engine. The engine has formed the basis 
of gas-turbine engine, and the technology still widely used ten decades later. Figure 2.1 
shows the comparison between Lorin‟s and Whittle engine. 
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                        (a) Whittle engine                                        (b) Lorin‟s engine 
 
Figure 2.1: Comparison between Lorin‟s and Whittle engine 
 
Source: Royce 1996 
                                                                                                                                                                                                                    
 Small scale turbine jet engine is a smaller size turbine jet engine which exhibits 
similar operating principles as commercial or industrial gas turbine. Nevertheless, they 
differ in utilization and purpose of its production. While jet engines were constructed 
mainly for air transportation, the small-scale turbine jet engines are developed for a 
wider purpose, ranging for research activity (Benini, 2007) to hobbyist enthusiastic 
(Kamps, 2005).    
 
2.3 JET ENGINE TYPES 
 
 There are three main types of jet engines, which are turbojets, turbofan and 
turboprop. Major components of these engines are similar as they consisted of a 
compressor, a combustion chamber and a turbine. The acceleration of air to develop 
thrust are divided into two concepts where the first; large amount of air accelerated at 
low speed and the second; small amount of air accelerated at high speed. Turbojet and 
turboprop engines provide propulsive force directly by the accelerated gas in the 
exhaust. Turbofan engines conversely differ from the other two where thrust is 
developed by the amount of air bypasses around the basis engine. 
 
  
 
6 
 
2.3.1 Turbojet 
 
 The turbojet is the earliest and the simplest form of jet engine. The major 
component of turbojet consists of a multistage compressor, a combustion chamber and a 
single or multistage turbine as shown figure 2.2. They produce high specific thrust, and 
it is the suitable for high subsonic and sonic flight speed.   
 
 
 
 
Figure 2.2: Schematic illustration of turbojet engine 
 
Source: Hunecke 2003 
 
2.3.2 Turbofan 
 
 Turbofan as shown in figure 2.3 has a core compressor, combustion chamber 
and a turbine. In addition, they have a fan in front of the core compressor and second 
power turbine behind the core turbine. Turbofan engine exhibits good efficiency at high 
subsonic flow and exhibit lower fuel consumption which is preferred in commercial 
aircraft transportation.    
 
 
 
 
 
 
 
Intake 
Compressor 
Exhaust Nozzle 
Turbine 
Combustor 
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Figure 2.3: Schematic illustration of turbofan engine 
 
Source: Hunecke 2003 
 
2.3.3 Turboprop 
 
 Turboprop as shown in figure 2.4 is similar to turbofan, but they have a 
propeller in front of the compressor. Most of the energy extracted in the turbine is used 
to drive the propeller. The engine follows the second concept where they were design to 
accelerate a relatively small amount of air at high speed resulted in high propulsive 
efficiency. However, the fuel consumptions are relatively lower compared to turbojet at 
some thrust and flight speed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
High Pressure Compressor Low Pressure Compressor 
Bypass Duct 
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Figure 2.4: Schematic illustration of turboprop engine 
 
Source: Hunecke 2003 
 
2.4 PRINCIPLE OF JET PROPULSION ENGINE 
 
2.4.1 Basic Operations 
 
 Jet engine operates at an open cycle called a jet propulsion cycle where it 
follows Brayton cycles but slightly differs. In an ideal Brayton cycle, the gas from the 
turbine exit expanded to atmospheric pressure. However, in a jet propulsion cycle, the 
gas is expanded to a pressure that the power produces by the turbine just sufficient 
enough to rotate the compressor rotor and other auxiliary equipments and gives power 
to the compressor and other auxiliary equipment within the aircraft. 
 
 
 
 
 
 
 
 
Exhaust Nozzle 
High Pressure Compressor 
Low Pressure Compressor 
High Pressure Turbine Intake Duct 
Reduction Gear 
Low Pressure Turbine 
Combustor System 
Propeller Shaft 
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Figure 2.5: Schematic diagram of jet-propulsion cycle. The number represents the 
engine station locations and will be used throughout this report 
 
 By referring to figure 2.5, air enters the compressor through the inlet diffuser 
(station 1). As the air enters the diffuser, the air will decelerate and pressure is 
increased. The pressure will then further increase as it enters the compressor (station 2). 
The compressed air from the compressor subsequently mixes with fuel in the 
combustion chamber. At the combustion chamber (station 3), the mixture will burn at a 
constant pressure. The high pressure and high-temperature gasses will then expand in 
the turbine (station 4), producing enough power to drive the compressor and other 
equipments. The gasses with the „leftover‟ pressure and temperature will leave the 
turbine and flow through the nozzle (station 5) where it accelerated to provide thrust 
(station 6). 
 
2.4.2 Ideal Jet Propulsion Cycle  
 
 Jet propulsion cycle can be analyzed similar to Brayton cycle. The cycle is made 
up of four internally reversible processes 
 
 1-2 Isentropic compression of an ideal gas in a diffuser. 
 2-3 Isentropic compression of an ideal gas in a compressor. 
Expansion  Compression 
1 
Compressor 
Turbine 
Exhaust 
nozzle 
6 5 2 4 3 
Air inlet 
Combustion 
chamber 
Exhaust Combustion Inlet diffuser 
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 3-4 Constant pressure heat addition. 
 4-5 Isentropic expansion of an ideal gas in a turbine. 
 5-6 Isentropic expansion of an ideal gas in a nozzle. 
 
 The T-s and P-V diagrams on an ideal propulsive cycle are shown in figure 2.6. 
These cycles are executed in a steady flow process thus analysis should be made using 
steady flow assumptions. When changes in potential and kinetic energy are neglected, 
the energy balanced equation can be expressed as 
 
    in out in out exit inletq q w w h h      (2.1) 
 
Where; 
inq  = Heat transfer entering the system, kJ/kg  
outq     = Heat transfer leaving the system, kJ/kg 
inw  = Work done on the system, kJ/kg 
outw  = Work done by the system, kJ/kg 
inh  = Specific enthalpy entering the system, kJ/kg 
outh  = Specific enthalpy leaving the system, kJ/kg 
 
 Thus, heat transfer from and to the working fluid are 
 
  3 2 3 2in pq h h c T T     (2.2) 
 
Where; 
pc  = Constant pressure specific heat, kJ/kg K 
2T     = Temperature at station 2, K 
3T  = Temperature at station 3, K 
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 And 
 
  4 1 4 1   out pq h h c T T  (2.3) 
 
Where; 
1h  = Specific enthalpy at station 1, kJ/kg  
4h  = Specific enthalpy at station 4, kJ/kg 
1T  = Temperature at station 1, K 
4T     = Temperature at station 4, K 
 
 Process 2-3 and 4-5 are isentropic and 
3 4P P  and 4 1P P . Thus,  
 
 
 
 
1
1
3 5
3 2 4
2 4
k k
k kP T
T T P
P T

   
    
   
 (2.4) 
 
 
   
 
 
 
  
 
 
 
                                 
   (a) P-V diagram                    (b) T-s diagram  
 
Figure 2.6: The ideal jet propulsive cycle  
 
Source: Cengel 2007 
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